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S Y. N 0 P S 1. S
.Embodying the principles of thin-walled cellular design, a
prototype composite aluminum and concrete highway bridge was designed
to carry AASHO H15-44 loading and fabricated by Fairchil~ Engine and
Airplane Corporation~
The completed five-cell, 50-foot long, two-lane test span
was erected at a site on the Lehigh University Campus and underwent a
test program .designed to evaluate the following:
1. Behavior under static load.
2.. Ability to withst~nd an anticipated lifetime of
load repetitions.
3. Ultimate strength of the structure.
This paper presents a brief account of the completed test program and
the results obtained.
The'bridge behaved as a fully composite structure with linear
response up to loads producing. approximately six times the design live
load movement and three times the design live load shear. There was
close correlation between theoretical and experimental results under
static loading.
Over 1,250,000 cycles of load producing from 100% to 150% of
design live plus impact bending moment, and 200,000 cycles of 125% of
i
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design live plus impact bending moment applied eccentrically were with-
stood by the structure without ~ny evidence of distress.
Final failure·of the structure occurred at a load producing a
moment approximately nine times the design plus impact bending moment.,
and a corresponding shear more than four times the design live plus im-
pact shear.
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.1. I NT· R O· 'D U C T ION
1.1 BACKGROUND
. Based on experience with producing aircraft structures, the
Kinetics Division ot' Fairchild Engine and ..Airplane Corporation designed
a composite aluminum and concrete highway bridge using the principles
of semi-monocoque construction. The design permitted shop fabrication
of large triangular.cellular units of the aluminum portion of .the
bridge.. Compared with conventional bridge structures, this combination
of light .weight material and shop fabrication offered the following ad-
vantages which tend to offset the higher initial material costs:
a. Lower dead weight stresses.
b. Lighter abutments, footings, and end supports.
c. :Lower transportation costs.
d. Lower erection,costs.
e. Lower maintenance costs.
Designed with.the assistance of the Bureau of Public'Roads,
in accordance with the specifications of the American Association of
State Highway Officials and the American Society of Civil Engineers
Specifications for the alloy (6061-T6) used, a two-lane test structure
of 50-foot span was fabricated at the Fairchild Plant in Hagerstown,
Maryland. The structure was erected and tested on the Lehigh University
Campus in Bethlehem, Pennsylvania.
-1
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. 1.2 PURPOSE AND SCOPE
The test bridge was subjected to a series of static tests and
a 4ynamic. test program. The primary purposes of the test program were:
•
a.
b.
c.
Determine the response of the structure to an
applied static load, enabling comparison between
predicted and actual behavior.
Determine the suitability of the structure for
highway service as indicated by an anticipated
. lifetime of load repetitions.
Determine the ultimate static strength of the
structure .
..
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2. DES C RIP TI 0 N 0 F S T R U C T U R,E
2.1 GENERAL DESCRIPTION
The aluminum portion of the bridge consisted essentially of'
three 50-foot hollow triangular beams mounted on their inverted apices
on six pedestals. The beams were bolted together at the upper corners,
and two horizontal plates tied the three lower apices together. When
joined the upper sides of the three beams comprised a top plate the
full length of the bridge and 22-1/2 feet wide. Attached transversely
to the top plates was a 2-1/2 inch corrugated,a1uminum decking. A're=
inforced lightweight concrete deck, with, 9 inch cantilevers extending
,over the edges of the outer triangular beams, was later poured directly
on the corrugated decking, completing the full 24 foot width of roadway
(Fig .. 1).
2.2 , FABRICATION AND ERECTION OF ALUMINUM STRUCTURE
One of the final steps in the plant fabrication was the mating
of the component parts on special jigs to insure a proper fit. at the
erection site (Fig. 2) .. The five basic subassembli.es, consisting. of
the three triangular beams and two bottom.p1ates, were then transported
on two trucks from Hagerstown to the final assembly area and test site
on the Lehigh University Campus (Fig. 3).
=3
•275.3
The field erection sequence for the aluminum portion of- the
bridge was completed in two days as follows:
a. Mating of two triangular beams and one
bottom plate.
b. Placing of the second bottom plate.
c. P1~cing of the third. triangular. beam.
d. Completion of the field bolting.
Steps 1 through 3 were completed the first. day and step 4 was
completed the. following. day.
The complete structure assembled 11,360 1bs. of 6061-T6
aluminum alloy extrusion and plating into a five cell semi-monocoque
bridge.
2.3 ALUMINUM' STRUCTURE
The tension flange of the aluminum structure was composed
of two. 0.125 inch plates, three channel extrusions (at the bottom
apices of the triangular beams), and four extruded bu1bed T-sections.
Six shear webs, forming the 45=degree inclined sides of the five cells,
were made of 0.081 inch. plate (Fig. 5). All shear. webs and bottom
plates had bulb angle transverse stiffeners spaced from 6 to 7.50 inches
on the webs and from 12 to 14.75 inches on the bottom.p1ates.
At. the top of each shear. web was an extrusion common to both
the web and an 0.081 inch top plate completing the triangular sections.
At the upper juncture of the center and outer beams these extrusions
-4
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were designed to interlock, thus joining the three beams into one in-
tegral unit. The outer edges of the .two outside beams were 1-1/2 inches
below the high point of the center beam, providing a crown in the road-
way.
Attached to the top 0.081 inch plate, running ttansverse1y
to the longitudinal bridge axis, and spanning between extrusions was
th~ corrugated aluminum decking which later served as the bottom form
for .the concrete roadway slab. The corrugated decking also served as
transverse stiffeners for the top plate.
Shear ties were attached to the top longitudinal extrusions
to insure composite beam action (Fig. 2). Approximat~iy two feet from
each end of the bridge, a channel section called. a thermal beam was
attached.to the top sheeting and extended up into the concrete deck.
The thermal beam. was designed to. react the stresses induced by a tem-
perature change causing, unequal expansion of the aluminum and concrete.
At the ends of the three triangular beams, attached to the
webs, were frames composed of .two channel sections and a 0.125 ipch
doubler plate which transmitted the applied loads to the footings.
Light intermediate frames, spaced five feet center to center, divided
the webs into panels of equal ~ength.
.Assemb1y of the extrusions and plate material into three
triangular beams and two bottom sheets was accomplished in the fabrica-
tion plant using.co1d-dr1ven rivets of 6061-T6 material. Field erection
was completed with the use of standard nuts and bolts and commercial
type lockbo1ts.
-5
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2.4 CONCRETE DECK
The concrete. used for the deck embodied a slag aggregate
whose light weight helped to minimize the dead. weight stresses in the
aluminum. structure. The deck extended 5-7/8 inches above the top of
the 2-1/2 inch deep corru'gations of the alum:l.num deck" All steel re-
inforcing bars were placed above the corrugations and separated from
the aluminum by insulation. Nine inch cantf.levers extended over, the
edges of the outer triangular beams to complete the full_24 foot width
of roadway.
The need for any external support of the formwork.duringthe
pouring of the concrete deck was eliminated by bolting the wooden side
forms directly to the top outer edges of the outer aluminum beams
{Fig. 6).
•....
' ..
275.3
3. DES C RIP T IO.N 0 F T E S T.S
AND INS T RUM. E NT A T ION
3.1 TESTSETUP
The structure was supported on oil-impregnated bronze. bearing
pads resting on six pedestals .. The pads permitted rotation due to
bending at bo~h ends of the span, but permitted horizontal motion at
the east end of the span only. After Test 8a (see Table 1) H: was
necessary to replace each of the bronze pads at the free end with a
nest of seven 3/4 inch· rollers due to the failure of the pads to
function properly.
A test frame which supported two Amsler hydraulic jacks was
erected over the bridge at midspan (Fig. 1). The jacks were in bearing
against transverse loading beams which applied the loads concentrically
in each 12 foot traffic lane. Each beam acted against the deck through
two' 13 x 26 inch steel bearing pads, 6 feet center to center, designed
to simulate the rear. axle tire spacing,of an Hl5-44 truck.
For the eccentric s.tatic and fatigue load tests, the load
was applied to the deck three feet on each.side of one traffice lane
centerline to produce one-lane 10ading.(Fig. 7).
The reaction for the applied loads was provided by the dead
weight of the frame, the frame footings~and steel slabs stacked on
-7
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the frame and footings.
For all except the last three, static tests, two Amsler
hydraulic jacks with a capacity of 55,000 lbs. each were used to apply
loads to the span. Two hydraulic jacks with a capacity of 200,000 lbs.
each were used for the last. three static tests. Spherical seats at
both ends of the jacks assured proper load bearing. For the destruction
tests, the 200,000 lb. jacks were augmented by steel slabs placed.di-
rectly on the bridge (Fig. 8).
For the fatigue load tests each jack was connected hydrauli-
cally to an Amsler, pul~ator. Fa~igue loading was applied at the rate
of 250 cycles per minute .
,3. 2 TES T PROGRAM
The test program was designed to check.the structut~ stati-
cally before and after each series of.fatigue load applications. Thus,
any damage or change in·strain distribution within the structure could
be detected. The completed series of ~8 static and dynamic tests ap-
plied to the structure is summarized in Table 1. In addition.to these
tests, three impact loadings were applied to the sp~n to determine
the natural frequency of the structure.
- A traffic study and analysis made from Bureau of Public
-8
Roads surveys predicted 365,000 cycles of design plus impact loading
..
(3)in the 50-year life of a Class I span. Allow~ngfor possible errors
•
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TABLE I SUMMARY OF STATIC AND REPEATED LOAD TEST PROGRAM
DESCRIPTION MAXIMUM MIDSPAN QUARTER POINT
TEST TYPE OF LIVE LOAD + IMPACT LIVE LOAD + IMPACT REMARKS
NO. LOADING LOCATION
BENDING MOMENT SHEAR
Inch-Kips "10Design Kips "10 Design
I STATIC CONCENTRIC 10 050 97.5 33.5 41.4 7 LOAD INCREMENTS
2 DYNAMIC CONCENTRIC 10 313 100 34.5 42.6 250,000 CYCLES
3 STATIC CONCENTRIC 12 900 125 43.20 53.3 6 LOAD INCREMENTS
4 STATIC ECCENTRIC 12 900 125 43.20 53.3 6 LOAD INCREMENTS
*6 220 - TORSIONAL MOMENT
5 DYNAMIC CONCENTRIC 12 900 125 43.20 53.3 250,000 CYCLES
6N STATIC CONCENTRIC 15 500 150 51.75 63.9 6 LOAD INCREMENTS- 12'00A.M. TO 8'00A.M.
60 STATIC CONCENTRIC 15 500 150 51.75 63.9 REPEAT TEST 6 N' 8'00A.M. TO 4'00 P.M.
7 DYNAMIC CONCENTRIC 15 500 ISO 51.75 63.9 360,000 CYCLES' BEARINGS AT FREE END CH~NGED
8a STATIC CONCENTRIC 13 500 130 44.B5 54.2 (a) DEFLECTION ONLY -BRONZE BEARINGS
8b (b) ALL GAGES - ROLLER BEARINGS
9 DYNAMIC CONCENTRIC 15 500 150 51.75 63.9 140,000 CYCLES
10 STATIC CONCENTRIC 15 500 150 51.75 63.9 3 LOAD INCREMENTS
II DYNAMIC CONCENTRIC 15 500 150 51.75 63.9 253,000 CYCLES
12 STATIC CONCENTRIC 15 500 150 51.75 63.9 3 LOAD INCREMENTS
13 STATIC ECCENTRIC 12 900 125 43.20 53.3 3 LOAD INCREMENTS
-6 220 - TORSIONAL MOMENTS
14 DYNAMIC ECCENTRIC 12 900 125 43.20 53.3 200,000 CYCLES,DYNAMIC RECORD OF MIDSPAN DEFLECTIONSAND STRAINS IN BOTTOM EXTRUSIONS
15 STATIC ECCENTRIC 12 900 125 43.20 53.3 3 LOAD INCREMENTS
16 STATIC CONCENTRIC 20 626 200 69.0 85.2 4 LOAD INCREMENTS
17 STATIC CONCENTRIC 64 456 620 250.43 309 9 LOAD INCREMENTS FOR FIRST ATTEMPTED
DESTRUCTION TEST
18 STATIC CONCENTRIC 23 LOAD INCREMENTS FOR SECOND ATTEMPTED
DESTRUCTION TEST
63 500 615 241.80 299 ELASTIC BUCKLING OF OUTER WEBS VISIBLE AT END SUPPORTS
85 100 825 328.0 405 INELASTIC BUCKLING AT END FRAMES VERY PRONOUNCED
100 200 970 378.8 468 MAXIMUM APPLIED LOAD HELD FOR 10 MINUTES, AND THEN
JACK LOADS RELEASED
91 300 885 348.8 431 LOAD AT DESTRUCTION IN AN ATTEMPT TO RELOAD BRIDGE
275.3 -10
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in prediction it was determinedthat.about 1,500,000 cycles of repetitive
loading should be applied to the testsp~n with allowances for 25% and
50% overload conditions. The fatigue tests are summarized as follows:
a. 250,000 cycles at design live load plus impact
momen t, MLL .
b. 250,000 cycles at. l25%:MLL'
c. 753,000 cycles at 150% MLL'
d. 200,000 cycles at. 125% MLL with the load applied
eccentrically producing a torsional moment equal
to 6,220,000 in.-lbs.
3.2.1 Static Tests
Because of symmetry of the test. structure and applied
. loads, most.measurements were made on the east half of the
bridge only. The instrumentation was designed to measure
deflections at the midspan and east quarter point, strains
at the midspan due to the application of the normal loads
and induced bending, strains at the east quarter point due to
bending and shear, and'strains at the east end frames or re-
action point .
. All aluminum strain measurements were made with.resistance
type SR-4 electrical. strain gages bonded to the metal surface.
A device consisting of a small steel. plate with SR-4 gages
mounted on each side and a short bar through each end perpen-
dicular to the plate was used to measure internal concrete
strains. Concrete surface strains were measured with a
..
•
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mechanical Whittemore gage over a 10-~nch gage length .
Dial gages were used to measure deflections of .the
span under the three main longitudinal members at the
midspan ~nd east quarter point and horizontal movement
of the free end of the bridge. An engineer's level was
used to check dial readings and possible support settlement.
To eliminate the effects of temperature during, the
static tests, three readings were made to determine the
effects of one load increment:
·a. Readings of all gages with no load on
the span .
b. Readings of all gages with the span'
loaded.
c. Fin~l readings with the span aga;n com-
pletely unloaded.
Averaging of the loading and unloading increments
eliminated or minimized. temperature effects on the readings.
to check the accuracy. of the method, one test (6N) was run
during the night, a period of small temperature variatio~,
and then repeated (6D) over a normal daytime variation of
10 to 15 degrees. Results obtained indicated that the method
used was entirely satisfactory for testing purposes.
The static testing procedure also allowed observatiQn
of the behavior of the span due to variations of the ambient
air temperature.
-.11
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A seven-day automatic recorder maintained a continuous
record of the ambient air temperature at the test site .
To get an indication of the temperature distribution within
the span, additional ,temperature measuring devices were
placed on the bridge. Bottom sheet temperature was measured
at midspan with a surface thermometer. Three electrical
temperature gages were buried in the concrete of ,the deck
at midspan and each quarter point along the longitudinal
bridge axis. Five additional electrical temperature gages
were bonded to the aluminum of the top sheet, interior webs,
and the bottom sheet.
3.2.2 Dynamic Tests
All measured loads for ~he fatigue tests had to be
corrected for the inertia effects of the span. To insure
that the proper magnitude of load was being applied to the
span during repetitive loading, the maximum deflection under
fatigue loading was checked against the deflection obtained
for the desired load ,when applied statically. Deflections
were measured with slip gages, mechanical devices employing
dial gages to record maximum downward movement. The mini-
mum load was kept at approximately 10% of the maXimum load.
The natural frequency of the structure ,was determined
in three separate tests by dropping a weight on the deck and
automatically recording the instantaneous midspa.n deflections.
SR-4 gages mounted on a cantilever bar were used to convert
the deflections into electrical impulses which were recorded
on the moving chart of one channel of a ,Brush recorder.
275.3
4. THE 0 RET I CAL A N A L Y SIS
A theoretical analysis of the test structure was made by Fair-
child Engine and Airplane Corporation and is briefly summarized here.
4.1 SECTION. PROPERTIES
-13
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The following assumptions aJ:l.d c-cmsiderations were made. in deter-
mining the effective section properties of the bridge without the concrete
slab:
a. Bending stresses are carried by the top and
bottom plating and longitudinal extrusions.
The cross-section was divided into elements
having 22-1/2 inch horizontal projections
wh9se contributions were summed to d~termine
the section properties.
b. Upper plating was restrained against buckling.at
approximately 4 inch intervals by the deck cor-
rugations and was, therefore, considered fully
active in compression.
c. Because of. the'high.ratio of flange to web areas,
only 0.50 square inch of each web was considered
effective in resisting bending and this in the
. location of the tension extrusions.
•275.3
The following additional considerations were used in determining
the section properties of the bridge with the concrete slab:
a. MOdular ratio of aluminum to concrete was
taken ds 3 for all calculations.
b. Effective slab thickness was assumed to be 5-1/2
inches, the clear depth of concrete from the deck
surface to the .top of the 2-1/2 inch corrugations.
c. Governed by AASHO Specifications, the effective
,concrete slab width on each side of the top longi-
tudina1 extrusions was taken as 6 times the effective
slab. thickness.
d. The influence of the steel reinforcing. bars was
neglected.
The moment of inertia of the aluminum structure was computed as
444,000 in. with the neutral axis located 21.8 inches above the plane of
the bo.ttom sheet. The moment of inertia of the composite structure was
4
computed as 102,664 in. with the neutral axis located 45.6 inches above
I
the plane of the.bottom sheet or 7.8 ~nches below the top of the concrete
deck.
4.2 BENDING ANALYSIS
Dead load deflections and stresses were caused. by the weight of
the aluminum structure and. the wet concrete immediately after pouring.
Calculations are based on a modulus of elasticity of 10,000,000.psi and a
shear modulus of 3,800.,000 psi for the aluminum.
-14
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Estimating a 4,ead weight of. 183 1b./in., the· dead weight mid-
span deflection is calculated as follows:
-15
.. 5 x 183 x 6004
= 384 x 10 x 106 x 44000 =0.704 in.
. .
•
Bending stresses of 4350 psi compression in the top aluminum extrusions
and 4090 psi tension in the bottom aluminum extrusions were calculated
for this dead load.
Based on an .H15-44AASHO loading, the maximum live load. moment
occurs when the design vehicle is on the span in the position shown in
Fig. 9.
The impact factor for a 50 foot span calculated accor~ing to
AASHO Specifications is 28.57%, therefore the· live load plus impact
moment for two lanes is:
MLL = 14,370 1bs. x 279 in. x 2 x 1.2857
MLL ·= 10,313,000 in.-lbs.
The maximum shear load, as dictated by the specifications, is
due to a uniformly distributed. load. and a.concentrated load placed to
give maximum shear at the end support. The shear load for two lanes
is:
Vz = 31,500 1bs. x 1.2857 x 2 = 81,000 lbs .
•275.3
For design live load plus impact the following values were
computed:
-16
Midspan. Deflection 0.312. in.
Bending Stress (bottom aluminum extrusion) 4580 psi tension
Bending Stress (to~ aluminum extrusion)
Bending Stress (top'of concrete deck)
4.3 SHEAR ANALYSIS
Negligible
(00589' in. from N. A.)
470 psi compression
•
.The shear analysis follows .the conventional procedures for t~is
. type structure, with the following,additiona1 assumptions or considerations:
a. ,The vertical axis of the. cross section is an axis
of symmetry, therefore" bendtng is about a principal
axis.
b. Effective bending resistance in the flange is con-
sidered to be concentrated. at the centroids of .the
22-1/2 inch elements. Thus the sheet material be-
tween centroids of flange elements is assumed to be
subjected to shear stresses only .
. the structure is first theoretically cut in such a manner as
to make it statically determinate. This permits calculation of statically
determinate shear flows due to bending only from the equation
Y....Q
q =.. 1
where V is the load caus~ng bending about an axis perpendicular to its
275.3 -17
line of action. Figure 10 shows where the theoretical cuts were made.
The shear flows within elemental areas "A" are
V Ac
q =-1-
For each cut made to make the structure statically determinate,
a redundant shear flow must be introduced to restore continuity. Applying
the equation for .the angle of twist of a closed cross section
G 9 =·~fdS
. 2 A t
o
to each of the cells yields five simultaneous e~uations.· Also, the
following. conditions appiy :
a. For bending about x-axis,. no twisting of cells
b. For an applied torsional moment, no bending
c. For bending about the vertical (Z) axis
Analyses were first made for a unit shear and a unit torsional
moment acti~g on the structure with and without the concrete slab. To
obtain predic~ed shear flows, the unit solutions were multiplied by the
appropriate factors. Shear stress at a point is found by dividing the
shear flow by the thickness of the, section at that point~
275.3
The various loading conditions to be investigated are:
• - -.-r."""
a. Dead Weight (Ac ting on bridge wi thou t s lab) ..~- ,':".' ....
"
The load~ng for this condition consists of the
dea~ weight of the aluminum substructure and the
wet concrete .. The shear varies from zero at the
midspan to a maximum of 55,000 lbs. at the sup-
ports. The maximum shear flows for this condition
are 5.5 times the unit solution for VZ =.10.,000 lbs.
acting on the bridge without slab.
p. t~ve Load Plu~ Impact -
Specifications require that.a shear load of 81,000 lbs.
(includ~ng an impact factor) be placed directly over
the end s~pports. A load in this positioewould. be
transferred. from. the deck to the footings through
the. end frames; but, for this load ..a small distance
from the end of the bridge, the loading condition is
approached.· The solution is then 8.1 .. times the unit
solution for the composite bridge section (Vz =
10,000 lbs. acting on the bridge with slab).
According to specifications, the live load is assumed
acting at a maximum eccentricity of 12 inches pro-
ducing a torsional moment
-18
6T = 63,0001bs. x 12 in. x 1.2857 = 0.972 x.10 .in.-lbs.
The solution is 0.972 times the unit solution fora
torsional moment equal to 1,000,000 in.-lbs. acting
on the bridge with slab.
275.3 -.19
c. Live Load Overload -
• This condition is the same as for the live plus
impact loading on the span except the eccentricity
is increased to 6 feet, causing,a torsional moment
T= 63,000 lbs. x .72 in. x 1~2857 = 5.832'x 106 in.-lbs.
·The solution is 5.832 times the unit solution for
t
T = 1,000,000 in.-lbs~ acting on the bridge.with slab.
The following loading ~onditions were also investigated and
found to be non-critical:
a. Wind Loading on Bridge
b. Longitudinal Force
c. Vehicular Wind Loads
4.4 END. FRAME ANALYSIS
The. loads induced in the frame members due to the applied load
on the deck were assumed reacted by (1) a uniformly varying load in
pounds per inch of length of the sheet to which the. frame member is
attached, arid (2) an axial load taken 'out at. the ends of the frame
member.
To find the magnitude of the loads in the frame, it was first
necessary to determine the resultant shear flows from the cross section.
The horizontal shears are then balanced within' the frame and the' vertical
fs~rs are transferred from the structure to the bearing blocks. The
elemental. loads are equal to the shear flows for a given loading times
the length of segment over which the shear flow is acting. ,Wi,th loads
275.3
known and balanced, each diagonal segment of the frame was then analyzed
as a column with an end fixity equal to 0.75.
4.5 PREDICTED TEMPERATURE BEHAVIOR
.Because concrete has a lower thermal coefficient of expansion
than a1uminum,the span tends to deflect downward as well as to lengthen
due to a temperature increase. Since the bridge is to work as a com-
posite structure, equilibrium and continuity .must be satisfied at the
interface of the aluminum. and concrete.
For a rise in temperature of 100o ,F., the downward deflection
at.the midspan was calculated to be 0.628 inches. The resulting thermal
-20
stresses. were predicted to be:
Top Concrete. Fiber
Bottom Concrete Fiber
Top Aluminum Fiber
Bottom Aluminum Fiber
)
:\
I
40 ps~ tension
380 psi tension
6100 psi compression
560 psi tension
.4.6 PREDICTED. BEHAVIOR UNDER TEST CONDITIONS
,4if.9:.,1 Comparison of AASHO Loading and Test Conditions
Practical considerations limited the test conditions
to loading at the midspan of the bridge. Concentric or
eccentric· loading was accomplished by moving the loading
equipment laterally at the midspan. ,As mentioned previously,
the load pattern on the deck simulated the rear wheel spacing
••
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of an H15-44 truck.
A load of 69,000 lbs. applied at .the midspan pro.duced
a bending moment of 10 ,~13,000 in. -lbs. equal to .the live
load plus impact moment required by AASHO Specifications'
(see Fig. 9). With the truck. in position to give maximum
moment, the corresponding shear would have been 40,190 Ibs;
with the test loading the shear was 34,500 lbs. The test
. setup did not permit the application of an 81,000 pound
load directly over the supports as required by the, speci-
fications.
, The specifications also required the span to withstand
a torsional moment equal to 5,832,000 in.-lbs. combined
with a bend~ng moment equal to 100% of design plus impact
moment .. The maximum torsional moment from test loading
was 6,220,800 in.-lbs. combined with a bending moment equal
to 125% of pesign plus impact moment applied at the midspan.
1
I
This loading. produced 43,200 lbs. of shear and 3,110,400 in.-lbs.
torsion in the span.
4.6.1 Predicted Test Behavior
,For the test loading, midspan deflections are computed
as follows:
< PL3
°bending = -......;;;.:=.-
48 E I
, ' 3
= 69.000 (600) = 0.302 in.
.48 x 10 x 106 x 102,664
c VL _-=3;..:.4.:.;50:.;:0:......:.:.x-=6~0..:..0__oshear = 1/2 .-. =
AG 2 x 31 x 3.8 x 106
e5'Total
where A = web area resisting shearing stresses.
= 0.088 in.
= 0.390 in.
275.3
Predicted deflections for various loads are tabulated in the following
table.
TABLE. 2 PREDICTED DEFLECTIONS
Load
. Quarter Point Def1ection(in.) Midspan Deflection (in. )
% MLL Bending Shear Total Bending Shear Total
50 0.104 0.022 0.126 0.151 0.044 0.195
100 0.208 0.044 0.252 0.302 0.088 0.390
150 0.312 0.066 0.378 0.453 0.132 0.585
200" 0.416 0.088 0.504 0.604 0.176 ·0.780,
The predicted shear flows for a concentrically applied load
producing 100% MLL at the midspan are equal to 3.45 times the unit
solution for a vertical shear applied .. to the bridge with.s1ab; The
'predicted shear flows for the eccentric loading are 4.32 times the unit
solution plus 3.11 times the unit torsional moment solution. The pre-
dictedweb shear· stresses for these conditions are shown in, Table 6 ..
-22
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5.1 BEHAVIOR UNDER DEAD LOAD
The anticipated dead weight of the bridge was '183 pounds per
inch. The actual dead. weight closely approximated the following:
•
27 cu. yds. concrete @ 110.pcf
10% additional weight for moisture
content when poured
Aluminum
Reinforcing steel
TOTAL
80,200 lbs.
8,020 lbs.
11,,360 lbs.
6,700, lbs.
106,280 lbs.
producing a·uniform dead weight of. 173 pounds per inch. Based on. this
weight the total midspan deflection was predicted. to be 0.665 inches
and that due to .the weight of the. concrete alone was predicted to be
0.550 inches. The measured midspan deflection due to the wet concrete
alone was 0.504 inches.
Observations made during the pouring of the deck slab in-
dicated that temperature effects due to direct sunlight and .the heat
of hydration of the freshly poured concrete on the aluminum top flange
o
caused a non-uniform temperature differential of approximately 60 F.
between the top and bottom flanges of the bridge. This, in turn,
caused an upward deflection of the bridge.
0,
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Due to the influence of temperature, data obtained from
electrical strain gages during the deck, pour were inconclusive as a
check of the predicted dead load stresses of 4350 psi compression in the
top aluminum fiber and 4090 psi tension in the bottom aluminum fiber.
After initial curing of the concrete, changes in the deflected
shape of the structure with changes of the ambient air temperature
indicated that the bridge was acting as a composite structure.
5.2 BEHAVIOR UNDER STATIC LIVE LOAD
5.2.1 General
The failure of the bronze bearing pads, to slide caused
,a partial restraint at the top of the footing pedestals
which was eliminated by the replacement of the, pads with,
rollers. Relative movement between the bridge and pedestals
then ranged from 0.152 inch to 0.185 inch under test loads
of 103.5 kips applied at the midspan.
The normal range of loa~ing for test measurements was
up to 138 kips applied at the mids~ (Tests 1 through 16)
producing 200%MLL ,and85.2%_VLL' ~est results gave linear
relationships between load and deflections and strains as
shown-by Figs. 11 and 12.
5.2.2 Bending
AASHO Specifications allow a maximum, deflection due to
live load plus impact equal to 0.750 inch (1/800 of the span
_length). Based on a uniformly distributed and a concentrated
-24
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load plus an impact factor, the calculated deflection. for
specification loading was 0.312 inch.
The predicted deflections due to an applied test load of
69.,000 lbs. at midspan producing 100% MLL.and 42.6% VLL com-
pared with the measured deflections as shown in Table 3 and
Fig. 13.
TABLE 3
PREDICTED AND: MEASURED; DEFLECTIONS FOR AN
APPLIED LOAD PRODUCING 100%MLL
Deflec tions (inches)
Predicted .Measured
Concentric Concentric Eccentric
Location Loading Loading Loading
Bending 0.302 A 0.515
Midspan Shear 0.088 G 0.390
Total .0.390 0.397 F 0.285
Bending 0.208 A 0.332
Quarter Point Shear 0.044 G .0.261
Total .0.252 0.260 F 0.187
...-'
";./.
.;f~~\,
.. _::'r;"·...··:0.':~<.
The predicted stresses due to the design live load p,~~~
impact moment for concentric loading applied at the midsp~n
......~.~.
compared,withstresses derived from measured strains as follows
in Table 4.
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TABLE 4
PREDICTED AND MEASURED. STRESSES FOR
CONCENTRIC LOADING PROD.UCING 100% MLL
=26
Bottom Stress (psi)
. Longi tudinal Midspan Quarter Point
Members Predicted Measured Predicted Measured
..
A 4210 2070
G 4580 4,040 2290 1900
F 4210 2030
For t~e same loading, eccentrically applied, the stresses
were as shown in Table 5.
TABLE 5
PREDICTED. AND MEASURED.STRESSES FOR
,ECCENTRIC LOADING P~ODUCING 100% MLL
..
•
Bottom Stress (psi)
Longitudinal Mids )an . Quarter Point
.Members Predicted Measured Predic'ted .Measured
A 5050 2200
G 4580 4600 2290 1850
F 3350 1800
Stresses in the top longitudinal members were negligible.
For both the concentric' and eccentric loading tests, dis-'
tribution of strains across the 'deck surface and in the top
longitudinal members near the midspan indicated a slight "dishing"
of the deck near the point of load application. The strain dis-
tribu~ion on the deck surface also indicated that the entire
\
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deck was active in pending.
Data for the bottom longitudinal members under an
eccentric load' In'dicateda 'slightly unequal distribution
of the load to th~ components of the span; that is "
triangular beam ABC· carried more load than the other two
triangular b,eams; as;',wou1d be expected .
. A comparison of strains in the deck ». top 'aluminum,
I
, webs, and bottom aluminum was made to determine' the vertical
strain distribution. Figure 14 showing typical web strain
distributfuns, indicates that.the.entire.cross section was
active in bending.an~ that the strains are proportional
to their distances from. the neutral axis.
The, vertical. location of the neutral axis with respect
, to the gages on~he bottom plating, was determined from the
strain distributions of the six webs. The average of .the
six vertical heights gave the location of the neutral axis
as 47.4 inches above the plane of the bottom gages. The
predicted. height, measured from the same reference plane,
was 45.6. inches.
Calculations based on the assumption, that the entire
slab and the longitudinal steel reinforci.ng, wez:.e effective
in bending gave ,the location of the neutral axis as 47.4
inches above the plane of the bottom gages which checked the
experimentally determined location. Pbysically the neutral
"
-27
»•
275.3 -28
axis was located in the plane of the top sheet CD. Data
fro~45° strain gage rosettes placed on the aluminum top
sheet confirmed. the location of the neutral axis.
5.2.3 Shear
Reduction of data. from the gages of the web rosettes
by the Mohr's Circle method gave shear strains very close
to the predicted values for the concentric· loading case
and within approximately 10% for the eccentric loading
case.
The predicted shear stresses at the quarter point
due to a shear. force of 34,500 1bs. (concentric loading)
and due to a shear force of 43,200 1bs. and 3,110,000 in.-1bs.
torsion (eccentric loading) in the span are compared with
stresses derived. from measured strains using a shear modulus
of 3,800.,000 psi as shown in Table 6 and Fig. 15.
TABLE. 6 PREDICTED ANDMEASURED:SHEAR.STRESSES
•
Shear Stresses (psi)
Web Concentric Loading Eccentric Loading
Predicted Measured Predicted .Measured
AB 1330 1540 3080 3260
AC .1320 1330 1940 1870
GC 1590 1550 2530 2610
GD 1590 1540 1450 1280
FD 1320 1290 137b 1480
FE 1330 1'450 250 690
•..
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5.2.4 Centerline and End Frames
Under a load applied concentrically at midspan pro-
ducinglOO% MLL and 42.6% VLL the maximum live load stress
in any portion of the centerline frame was approximately
1900 psi compression. For the eccentric loading condition
the maximum stress was approximately 3200 psi compression.
The maximum. stress in the end frame under a concen-
trically applied load producing 100% MLL at the midspan
was approximately.1350 psi compression and approximately
3300 psi compression under the eccent:fic loading condition.
Comparing the measured stresses with the design stress
(live load only) of approximately 4600 psi assumed to be
acting over the entire length of the member, it can be
seen that the design approach was conservative.
5.2.5 Destruction Tests
There was a linear relationship between static load
I
and stresses or deflections up to a shear load of. 241, 800 lbs.
(299% VLL) and a bending moment of 63,500,000 in.-lbs.
(615% MLL). At.this loading elastic buckling of the outer
web occurred at the end'supports. Inelastic buckling, Fig. 16,
I
•
~~;.L.,~,:.'. ". ,o,ccurred between loadings producing 7~5% MLL and 3'67% VLL'
and 825%:MLL and 405% VLL'
The highest load increment at which. gage readings were
taken produced 328,000 lbs. shear (405%VLL) and a midspan
moment of 85,100,000 in.-lbs. (825% M~L)' The midspan
•.,
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deflection at this loading was 3.87 inches and the tensile
stress in the bottom fiber was 38,000 psi.
The. highest loading sustained by the bridge produced
a.shear of 378,000 lbs. (468% VLL) and a moment of
100.,200,000 in. -lbs ..(970%. MLL) . This loading was held
for 10 minutes and. then the jack portion of the load.was
released. In an attempt to reload the structure, sudden
and complete failure occurred at a loading producing
885%MLL and 431% VLL. The failure was a shear failure
at the west support, Fig. 17. It must be noted that at
failure approximately 54.5% of the live load (380 kips)
was dead weight; the remaining 44.5% of. live load (3l7.6.kips)
was applied by, hydraulic jacks. Once failure was precipi-
tated it was not possible to remove a sufficient portion
of the load fast enough, to prevent complete collapse of
the structure.
5.2:6 Temperature
Over a short period of time, such as during one com-
plete test, most electrical strain gages gave consistent
results and allowed. reduction of data to determine strains
due to applied. loads only. But, due to sensitivity to
direct heat and. sunlight, gage creep, and the variable
temperature and humidity conditions at the test site, no
continuity of readings was obta~ned from one test to the
next. The use of temperature compensated electrical gages
-30
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failed, to give any pertinent information regarding strain'
behavior due to temperature changes. Continuity ,of
readings between tests over longer periods of time was
obtained with, the use of mechanical dial gages.
The actual movement per degree change in temperature
was determined from the calculated slope of the long, time
temperature~def1ectioncurves. Both the predicted and
,measured movements per degree change in, temperature are
presented in Table 7.
-31
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TABLE 7 PREDICTED AND MEASURED RESPONSE,TOTEMPERATURECHANGE
Movement:per Degree,Change
in Temperature
Predicted (in ../o) Measured (in.lo)
Midspan Deflection 0.00628 0.0062
Quarterpoint Deflection 0.00471 ,0.0042
Relative End Movement 0.0081 0;0068
(between bridg~ and pedestal)
Measurements made to determine the temperature dis-,
tribution wi thin the span indicated the following:
a. - The_bottom sheeting and deck,surface~
responded more quickly to sunlight and
_temperature change than did the internal
members of the span.
..
'.
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b. In general the temperature was·not
uniform, nor was. there a uniform
gradient within the span. Only when
the air temperature started to decline
and the direct rays of the sun were not
acting on the span did the temperature
distribution tend to become uniform
across a section of the span .
. 5.3 BEHAVIOR UNDER·DYNAMIC LIVE.LOAD
Visual inspection and results from static tests conducted
before and after each fatigue test indicated that the structure did not
suffer.any damage as a result of the fatigue loading.
The natural frequency of the span was predicted to be ap-
proximately 400 cycles per minute. The results of three impact tests
gave the natural frequency equal to 333 cycles per minute.
.•
•
•
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6. CON C L US ION,S
The bridge behaved as a fully composite structure with linear
response up to loads producing,over 6 times the design live load plus
impact moment and approximately, 3 times the design live load plus im-
pac.t shear. Test results indicated that the entire cross section was
active in resisting bending.
Close correlation between theoretical and experimental results
was obtained. under static loading. Predicted and measured deflections
agreed within 1/2% while percent errors between predicted and .. measured
stresses ranged from less than 1% to approximately 17%.
The structure exhibited the ability to withstand an antici-
pated lifetime of load repetitions. Over 1,,250,000 cycles of load
producing from 100% to 150% of design live plus impact bending moment,
and 200.,000 cycles of 125% of design live plus impact. bending moment
applied eccentrically were withstood by the structure without any
evidence of distress.
Final failure of the structure occurred_at a \load producing
a moment approximately 9' 'eimuas :the",desiga,,,Uve. load plus impact bending
moment, and a corresponding shear more than 4.. :times the design live
load.p1us impact shear. Failure was a 'shear failure at the west support
of the bridge .
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